Abstract: The merger of computer science, mathematics, and life sciences has brought about the discipline known as bioinformatics. However, the transmission (e.g. training, learning, and teaching) of this knowledge becomes an important issue. Many tools have been developed to help the bioinformatics community with that transmission challenge. When selecting the best of these tools, called here BKTMS (Bioinformatics Knowledge Transmission Management Systems), there may be confusion. What makes a good BKTMS? How can we make this choice efficiently? These questions remain unanswered for many users (e.g. learner, teacher and student, trainer and trainee, administrator). This paper provides a critical review of 32 existing BKTMS and a flexible comparison. This review and evaluation will be used to gain insight into the tools, systems, and capabilities that will be added to or excluded from a new proposed model for the next generation of BKTMS, involving multidisciplinary, web semantic tools (e.g. web services, workflow) and standards like LOM, or SCORM.
Introduction
Bioinformatics allowed creation of vast knowledge amounts based on data, tools, processes, and technology. Bioinformatics aims to use and create technologies for identification, manipulation, modification, and creation of life science data. Currently, the transmission of bioinformatics knowledge and skills is a difficult task to accomplish [1] .
The growing mass of bioinformatics knowledge, data, and tools has led to a growing need for adequate knowledge transmission and collaborative tools.
The diversity of academic domains, student profiles, and skills requires the specialization and the personalization of bioinformatics training programs. Over the past ten years, higher education institutions have begun to offer courses in bioinformatics and computational biology [2] . A survey conducted by Messersmith et al. shows that about 30% of United States universities offered bioinformatics educational workshops as of 2011 [3] . Some high schools in the world have begun education in bioinformatics as well [4] . In addition, we are witnessing a growing development of tools for managing the transmission of knowledge using computer engineering, called computer-based training (CBT).
Users are faced with the difficulties of choice and the good definition quality of the results. In the bioinformatics field, the complexities of the subjects (i.e. multidisciplinarity) and the diversity of training needs make a choice even more difficult.
Indeed, most of the management tools for bioinformatics knowledge transmission that have been developed in recent years are related to proprietary needs or specific bioinformatics software (e.g. ExPASy, EBI, NCBI, ...). Other management tools try to adapt existing educational frameworks to facilitate standardization of their content (e.g. E-Biomics, EMBR, OpenHelix, etc.).
Others tried to build new transmission strategies based on Bioinformatics knowledge networking (e.g. BTN, Biostar). However, it is difficult to select the appropriate BKTMS from this panoply of BKTMS. An evaluation of these tools proves necessary.
For example, possessing statistics skills can qualify a person for several career profiles such as systems biology modeling, data analysis, or data modeling (data learning). This concept of knowledge transmission requires modularity of transmitted knowledge. In fact, to transmit the knowledge necessary for understanding complex concepts in bioinformatics and computational biology such as modeling of systems biology [5] , [6] , a BKTMS needs modularity to facilitate both transmitting and receiving. Standardization, modularity, reusability and flexibility prove to be important in the design criteria of BKTMS (Yusof, Mansur, & Othman, 2011; [8] . This paper presents a critique of 32 existing BKTMS and a flexible score-based comparison of these BKTMS with 8 generic Learning Management System (LMS).
Bioinformatics Knowledge Transmission
Management System (BKTMS) overview A BKTMS is a web portal that provides resources for learning, teaching, training, or helping with executing bioinformatics work/problems. It can be a learning object repository (LOR), learning management system (LMS), courses management system (CMS), virtual learning environment (VLE), computer based training (CBT) portal or a simple website. These portals intend to offer a service to different groups of users in order to facilitate an understanding of specific tools, databases, functions, exercises, bioinformatics processes, programs, skills, and career profile requirements. In many cases, this service is made available for educational purposes in order to advance knowledge and understanding in bioinformatics.
There are some existing portals. What are their flaws and benefits? Table 1 Many of the tools and portal aspects mentioned previously are required for a competent bioinformatics training portal; however, a few new integrations would be useful as well. Many portals include profiles and sign-in capabilities, but it seems that none use that function as effectively as they could. A portal that allows users to sign-in to a profile, and customize that profile, could be a useful resource. A function should be implemented that allows users to build and edit workflows or training lists and save them for future use. This would drastically increase the teaching utility of the bioinformatics portal. Users need to be able to communicate with one another, form groups, and share training lists with those groups. An educator could compose a list of training materials and share that list with a group of students. This would also be a useful resource when presenting bioinformatics workshops. An application that can assess a user's intention, skill level, and needs would be a beneficial application as well. A user could sign-in, take an assessment, and have a generated list of training materials available to complete their desired intentions. For example, consider a user who wants to learn to perform a sequence alignment. Their assessment would indicate this need and generate a list of resources including "Introduction to BioExtract Server," "ClustalW Usage," and "Phylogenic Tree Creation Tutorial" for example. Since the content is aimed at the user, a rating system for content based on user background would be advisable. Suggested categories of rating could be: high school student, post-secondary student, educator, and researcher. Table 1 allows us to understand the BKTMS tools diversity. The diversity is based on Bioinformatics sub-domains and Bioinformatics applications. This shows that evaluation criteria for managing knowledge transmission are not yet a priority in BKTMS tools. Indeed, these BKTMS lack the factors necessary for the establishment of a complete pedagogical method. We can cite the factors as course level, monitoring and evaluation of the receiver (e.g. trainee, student), and many others. We propose a more formal study of these critical tools to contribute to the improvement of the next generations of BKTMS tools.
BKTMS Tools comparison a) Comparison principle
We use criteria provide in [10] because of its pluridisciplinarity and flexibility (Figure1). We provide a comparison of our review BKTMS (Table  1) . That comparison involves 8 other LMS from EduTools and is described in [11] .
Based on this information and our exploration of these tools, a grade table was proposed with KTMS in the rows and criteria in the columns (Table 2) . Each criterion was weighted based on its importance related to the BKTMS. Based on the calculated scores, the user can select appropriate tools or use radar or histogram chart visualization for more details.
The graphic visualization provides a snapshot of each KTMS position for each criterion ( Figure 1 and Figure 2 ).
For simplification and compliance needs, grades for all criteria are brought to a discrete evaluation scale [1...8]. The numeric value of the evaluation may be changed, but with greatly improved ability to compare tools. The comparison is based on our context and our need. Each user can specify the priorities and degrees of importance to each criterion function in its own context. That is to say each criterion may have a score of 1 to 8, and a weight to express its importance in the given context.
b) Score calculation and comparison result visualization
Scores were calculated using the simple expert's (decision maker's) additive utility function [12] (Eq.5)
where is the rating grade of the criterion for each examined alternative BKTMS , is the number of criteria, and is the weighted weight of a given criterion (weight i on the total weight). c) Grades, score calculation and score visualization. Table 2 shows our BKTMS evaluation grades and scores. The first line contains the BKTMS name; lines 2 to 39 contain the KTMS grades for each criterion. The last line contains the score of each BKTMS weighting with the equation (Eq.5) formula. This table includes: grade for global criteria (white background) and detailed criteria (grey background), calculated score (black background) using equation (Eq.5), for global criteria (penultimate line) and detail criteria (last line). The first and second column contains the criterion name and its code, the third column contains the weight of the related criterion in our context. The remains columns contain the data related to each BKTMS. A high weight is put on pluridisciplinarity, collaboration, and networking criteria, given their predominance in bioinformatics. Figure 2 shows radar chart visualization of KTMS global criteria scores (G) and detail criteria for each global criterion for more information: technical (T), pedagogy (P), interdisciplinary (I), communication (C), others (O) (related to Table 2 ).
Conclusion
How Depending on one's involvement in the pluridisciplinary education world like bioinformatics, researcher can be looking for answers to some of these questions. This paper proposes some elements that can help in finding answers.
This study has primarily focused on providing a standardized critique of the existing BKTMS critics review. Even if the tools list was not exhaustive, it allowed us to present evidence of the strengths and failures of existing tools for bioinformatics knowledge transmission. Evaluation criteria were finally applied on the described BKTMS selected list.
Figure analysis has shown that the existing BKTMS has a relatively low score compared to the 8 selected LMS. And yet these BKTMS have high grades in multidisciplinary criteria.
Through careful observation we noted that the grades for collaborativity, networking, and sharing criteria were low.
Even strong weighting of the interdisciplinarity criteria could not compensate for this weakness.
This review and evaluation will be used to gain insight into the tools, systems, and capabilities that will be added to or excluded from a new proposed model for the next generation of BKTMS, involving web services and standards like SCORM, LOM, or IMS. University of Miami iBIS is UM's online Bioinformatics Integrated Services portal. iBIS was developed particularly for biologists and medical researchers-it is a user-friendly, (fairly) comprehensive, customizable portal which includes education materials to guide you through your bioinformatics experience. The idea is that your saved workspace in iBIS contains links to all your frequently u sed bioinformatics databases, tools, or UM services. We bring the latest cyber tools and technologies to bear on pressing problems. We work with scientists who study critical issues from climate change to the causes of cancer. We form research teams that involve faculty members at universities across North Carolina and the U.S. and that are positioned to bring major research projects to North Carolina. We partner with North Carolina government agencies so they are able to better serve the state's citizens. OpenHelix empowers researchers by providing a search portal to find the most relevant genomics resource and training on those resources; distributing extensive and effective tutorials and training materials on the most powerful and popular genomics resourcs; contracting with resource providers to provide comprehensive, long-term training and outreach programs. 
